BIOGRAPHICAL OUTLINE
WILL TODD WIPKE

PERSONAL INTFORMATION
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Invited Panelist, "Computer Based Molecular Modeling Systems"”, Symposium
on Computer Graphics in Medicine, Point Park College, Pittsburgh, Pa.,
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Methods in Chemistry, National Institutes of Health, Bethesda, Md., March
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(with P. Gund, J. G. Verbalis, and T. M. Dyott) Computer-Assisted
Three-Dimensional Synthetic Analysis; presented at the 162 ACS National
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(with T. M. Dyott) Fast Algoritm for the Perception of Rings in
Chemical Structures; presented at the 7th Middle Atlantic Regional
Meeting of American Chemical Society, Philadelphia, February 14-17, 1972.

(with P. Gund, T. M. Dyott, and J. Verbalis) A Generalized Three-
Dimensional Molecular Model-Building Program; presented at the Tth
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Student Initiated Seminar Courses in Artificial Intelligence and in
Computer Graphics, Princeton.
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tion in Computer Assisted Design of Organic Synthesis, presented at the
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Rutgers Department of Computer Science
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E. Merck, Darmstadt, Germany
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2, 197L.

Junior Colloquim on Applications of Computers to Chemistry, October 2,
1972 and October 9, 1973.

Lecture to Computer Center Advisory Council, January 4, 1973.

Invited Participant at "Frontiers of Organic Chemistry Symposium,"
Hoffman LaRo:che, Nutley, New Jersey, February 2, 1973.

Stanford University Symposium on "Synthesis: A Science for All Seasons,'’
November 12-14, 1973,
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University of California, Berkeley

IBM, San Jose

University of California, San Diego

Shering Corporation

Dow Chemical Corporation ,

Symposium on Strategies in Organic Synthesis, sponsored by Societe Chimique
de Belgique at the University Louvain la Neuvre

Northern New Jersey Section of the American Chemical Society

American Chemical Society Symposium on Pattern Recognition, National
Meeting in Los Angeles

Gordon Conference on Hydrocarbon Chemistry

Gordon Conference on Scientific Information Problems in Research.
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W. TODD WIPKE

, 19 JunE 1978
__ SUMEX-ATM QUESTHONA

Questions Relating to Medical and Cemputer Scicnco Coala
1. Proposaed rescarveh - sce proposal, pape |,

2. Present Support of this rescavch: NIIT RROOL(G Biowol. . visr CGraphies
Resource at Princeton, approved in Novewber 197h for che o (%) years

1

(sce Appendix I). Dr. Wipke is moving from Princcton to the laiversity of
California at Santa Cruz in August 1975. Becausc of this tove a new application
for computing support has not yet been submitted.

An experimental synthesis project for carrying out a SECS derived
synthesis which occasionally requires computer conformational analysis is

supported by NINl GM 20510-01. {1 ,v.a' - Ja!

Dr. Grabham Swith, a postdoctoral fellow, is supported Ly an TBM [ 21low-
ship (salary $0000). A

Dr. Hartmut Braun, a visiting fellow, is supported by Dautsche
Forschungsgemeinschaft. ! Y .. 2% 7 .°

-~
D

3. The relevance of this research to the AIM of SUMEX is clear and ctrong.
Organic synthesis is the source of many ncw medicines and degipniag a
synthesis is a very difficult high level intellectual task requiring houristic
search and other techniques of ATI. Our approach to this prohlem requires an
interactive system with large me&bry, large file space, high level laaguages,

and support of remote interactive graphics. UCSC has only a small %70/1L5,
and a PDP 11/h45 (limit of 8 K words per user) available, both of which are

unsuitable for this rescarch.

Collaborative Community Building

1. SECS will be capable of deriving syntheses of nearly any rcasonablc size
organic molecule (less than 72 non-hydrogen atom). Additicnally, we have
demonstrated its potential utility in other areas such as mass spectril frag-
mentations, molecular rearrangements, biogenesis, and biomclecular medeling.
The SEMA algorithm in SECS which generétes a stereochemically unique represent-
ation for any organic molecular structure is useful to any biochemical inform-
ation system. (Sece Appendix II). The sterecochemical algorithms developed in

SECS are going to be useful for enabling DENDRAL to generate stereoisomers.
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S Applications programs which I would usc in my work are the following:

Program Name Use Source
CONGFEN For struci rral elucidation Sumn~
ORTEP For structure plotting c. . on¥
RECOG For pattern recognition LLT.

PNMR For nmr similation Wiy

WATKINS Half tone pictures Uta:

DISMOL Molecular display and interaction  Wipke
STERIC Molecular cartography Wipke

have DEC SYSTEM-10 version.

3. My programs have been made available after publication. For example,

GIGL (General Interactive Graphics Language) is used «. Princcton,
Lawrence Livermore Laboratory, San Diego, Chicago'Circle, and was also scnt to
Case Western. SYMIN (the synthesis model builder) was sent to Feldimann (NIW),
Kowalski (University of Washingtgn), Jurs (Penn State), Chicago Circle, the
DENDRAL projects, to PROPHET, and to Merck, Sharp, and Dohme. SECS has been
sent to Merck, Sharp, and Dohme, University of Strasbourg, E. Merck, (Dermstadt ),
BASF, (Ludwigshafen), and SANDOZ, (Basel). Additionally SECS has been placed
on the First Data Corporation PDP-10 time sharing system in Waltham for access
by everyone via teletype or GT 4O graphics terminal over dial up lines. This
sharing of programs was possible because our programs are written in FORTRAN
which enabled transfer to other DEC system 10s and other systems.

The only difficulties I see in distribution of programs from our projcct
vi: "UMEX are:

a) Tenex is not compatible with DEC system 10's.

b) The large core on TENEX without traditional overlay decreases case

of transfer to "normal" size machines.

c) The usual difficulties encountered with large programs in getling

them to run elsewhere. '
d) The need for an operator to mount, dismount and mail out tapes for

remote SUMEX users.



h. Yes T am interested in discussing wilh SUMIX staflf interrelations of other
AT work with wminc. The ATM Woarkshop was a pood beginning of this, but I
welcome additional sugpestions from Huchanan or Feigenbaum on specific problems
we face in strategy and plan representation. There is very strong collaboration
possible between DENDRAL and SECS - there has already been quite a bit of

communication and sharing.
5. Yes, I already have a number of collatorations in synthesis and drug
design and anticipate the intercst in computer-assisted design of synthesis

to stimulate more.

Hardware and Softwarc Pequirements

1. I am currently using a PDP-10 (6k K) running 4 S72 monitor (16 K) with an

LDS-1 display which provides 18 K memory for a user. We have:

1 GThO display % teletypes

2 Dec tapes 1 Movie camera

1 Mag tape 9 trk 1 Cal comp plotter
1 disk RpPO2 1 %+D tablet

2. FORTRAN is our current language. TISP or SAIL may be used on an exploratory
basis, but because of transfcrability, we will probably continue to usec

FORTRAN.,

3. I estimate my research group (est. 5 people) will require:

a) cpu cycles: 5-15 hrs/week.

b) connect time: 3 full time dedicated lines at 1200-2100 band; each
member of group currently uses about 20 hours/week connect time.

c) at least one GTLO terminal, a printer/plotter, and a couple other
terminals.

d) disk space of ~ 8000 pages based on the fact that one version of SECS
requires about 1200 pages (source, rel., and binary)

e) Offline media - will require program listings of about 100 pages/week;

will require shipping about 2 DEC tapes per week (tapes to be returned).

My group would need some but not all of this time during prime shift
(0900-1600 PST). We would be willing to assist the community in the solution to
loading problems.
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. Conmmutical iom plons.  TESC ie 5 aiv miles [rom SUHEX and is aboul 20 miles
from San Joga, IYMREL communication via San Jose would be possible or
lecased lincs directly to SUMeX could be used, 'The basic cost of the latter is
$150 /month plus the cost of modems. (2100 band modem -$65/month; 1200 band moden
$10/month). "There is also a one time installation charge of 3100 and $C2
respoctively. 1L would ask SUMEX to cover the communication costs until I can
obtain a resource related grant. T wight need some support of a terminal de-

pending upon what interim support I obtain.

5. This is a rescarch project, but programs developed are expected to be of
value to the medical community. I have already faced this problem with

the pharmaceutical industry which wished to use SECS for design of drug

syntheses - the solutiion was to placﬁ SECS on a commercial timesharing system

so production work was recwoved from a research machine.



PROPOSAL TO SUMEX-ATM RESOUNICE

Simulation and Evaluation of Chemical Synthescs (SECS)

W. Todd Wipke

2

Tntroduction

The development of new drugs and the understanding of how drug structure is
related to biological activity depends upon the chemist's ability to synthesize
new molecular structurcs and to_modify existing ones or mnaturally occurring ones.
Developing a synthesis requires knowledge of chemical transformations, knowledgpe

of how structure affects chemical reactivity, and a capability for strategic

& ]

planning in a global sense in order to guide scarch toward the goal. SECS i
an interactive program for computer assisted planning of organic syntheses. We
have focused on making SECS very knowledgeable about chemical transforms and
chemical principleg, letting the chemist do the majority of search direction
interactively.

The chemical knowledge of SECS is embodied in a library of chemical transforms
written in ALCHEM, an english like language for describing chemical reacticas
including how readctions are affected by their environment. In order to evaluate
certain chemical questions SECS builds its own three-dimensional model of the
molecule and uses this model then evaluates the question in terms of the model.
SECS also builds a model of the electronic structure of the molecule in order to
evaluate eclectronic properties. Thus at its current level {2.0) SECS can evaluate
with reasonable success the validity of the chemical inferences that it makes in
working backward from the synthetic target to the generated precursors. However,
its strategy for deciding what infecrences to attempt is currently limited to a
one step look-ahead, the look-ahead being limited to certain classcs of trancforms,

Consequently, certain very interesting solutions are not found, because the



chemist may fail to explore a precursor for which he cannot sce immediate
potential value.
Proposal

This proposal is concerned with exploring synthetic stratrgies and their
impltementation in S8ECS. These strategies fall into scveral classces: 1) strat-
cgics of how to simplify the target structure in general terms which correspond
to long range plans; 2) strategiecs of how to achieve a given plan; %) strategies
of how to avoid obstacles in a plan (subgoal gemcration); )t) and strategies of
how to combine man and machine intelligence into effective interactive search
strategies. These plans can be based not only on the graph theoretic proper-

tics of the target, but also on the stereochemistry, proximity and steric rela-

tions, and even electronic properties derived from the models which SECS constructs.

I believe that strategies should be separate and largely independent of
the specific chemical transforms. Only in this way can one experiment with
strategies without modifying the chemical transforms. Similarly in this way,
one can add new reactions to the reaction library without changing or even
understanding the strategy knowledge base. This is quite different from the
embedding of subroutine calls in a giant procedure representing the reaction, a
technique that only reproduces the fixed sequences programmed in.

The separation 6f strategic knowledge from chemical reaction knowledge
becomes crucial as the knowledge base expands to eventually encompass most
of organic or biochemistry. I believe it is the only way to preserve the
'integrity of the knowledge base when many users are independently adding know-
1 ige as is now the case.

The benefit of this research to artificial intelligence may be in the

type L) stratégies mentioned above and the interesting model and plan represent-
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ational questions raisced. YFor chemistry, this approach will be generating new
general strategies for the synthesis of complex organic molecules. It will
also allow [aster, deeper scarches of synthesis trees which will serve the
pharmaceutical chemist in designing new drug syntheses. ¥inally, I believe
the framework of SECS will be applicable to other molecular task domains such

as biogenesis and metabolism.



